Scheme 1 Structure of phenanthraquinone monophenylthiosemicarbazone (PPT).
Introduction
Zinc is an essential trace element for humans, animals, plants and microorganisms; the zinc content in humans is 2 -4 g. 1 Zinc plays many fundamental roles in all replications, gene expression and in the metabolism of nucleic acids and different proteins. 2 A variety of preconcentration procedures for trace determination of zinc are reported. [3] [4] [5] [6] [7] [8] For AAS measurements at very low level (below 1 -5 ppm), an appropriate sample pretreatment is required; the adoption of solvent extraction technique has been shown to give accurate, reproducible results together with simple, rapid analytical processing and low chemical blanks. Numerous extractive separation procedures have been reported for the determinations of zinc using different reagents. [9] [10] [11] [12] [13] [14] The objective of the present study is to apply a laboratory synthesized reagent i.e. phenanthraquinone monophenylthiosemicarbazone (PPT) for the preconcentration and separation of Zn-PPT chelate into methyl isobutyl ketone (MIBK). In addition to measurement of Zn(II) in human blood, other samples such as tap water, Nile water and seawater were also analyzed for Zn(II) to assess the recommended procedure and to show the versatility of the reagent PPT. The feasibility of extraction and specificity of the reagent PPT promote the ease of preconcentration of traces of Zn(II) with enhancement of the sensitivity of the measurement. Since the concentration is determined directly in the organic layer by AAS, problems of elution disappear, and most of the interferent effects in both procedures are suppressed.
Experimental

Reagents
All reagents used were of analytical reagent grade. Doubly distilled water was used throughout. Standard zinc solution: dissolve 1.000 g of zinc metal in 15 15 as follows: a hot solution of 4-phenylthiosemicarbazide (0.334 g, 2 mmol in ethanol) was added to (0.416 g, 2 mmol) 9,10-phenanthraquinone dissolved in very small amount of glacial acetic acid. The resulting solution was boiled under reflux for 1 h. The orange crystals of PPT were filtered off, washed with ethanol, recrystallized from absolute ethanol and finally dried in a vacuum desiccator over anhydrous CaCl2. The purity was checked by CHN analysis, and IR spectrometry. The product is crystalline (m.p. 198˚C) sparingly soluble in ethanol or methanol but easily soluble in acetone, DMF and DMSO; hence its stock solution is prepared in acetone.
Apparatus
The spectral data were recorded on Unicam UV 2100 UV/Vis and MITTSON 5000 FT-IR spectrophotometers.
The concentrations of Zn(II) were determined using a Perkin-Elmer 2180 atomic absorption spectrometer; the instrumental conditions for Zn(II) were taken from the instrumental manual. 1, 16 The pH measurements were carried out with a Hanna Instruments 8519 digital pH meter.
Separation and determination of Zn(II) in solutions
Extractive separation. Two cubic centimeters of 1 × 10 -4 mol dm -3 PPT placed into a 250-cm 3 separatory funnel containing 2 × 10 -6 mol dm -3 Zn(II). The pH was adjusted to 8.0 using alkalinated acetate buffer. The mixture was diluted to 100 cm 3 with doubly distilled water and shaken well for a few seconds to ensure complete complexation. To this solution, inside the separatory funnel, 5 cm 3 of MIBK were added and the solution was shaken well for about 2 min. The phases were allowed to settle for 3 min. The aqueous phase was drained and discarded. Determination. To determine the concentration of Zn(II) in the organic phase spectrophotometrically, a suitable volume was transferred into the glass cell and the absorbance was measured at 526 nm against a PPT reagent blank.
For AAS measurements, the organic phase was aspirated directly, without elution, into the flame; the signals related to Zn(II) concentration were recorded at 214 nm. The extraction efficiency values (E,%) of Zn(II) were calculated using either spectrphotometry or AAS measurement.
Determination of trace Zn(II) in environmental samples
Into a separatory funnel containing 0.4 dm 3 of filtered acidified water sample, a 5-cm 3 volume of 2 × 10 -5 mol dm -3 PPT was added and the pH was adjusted to 8 using alkalinated acetate buffer. To this solution, a 10-cm 3 volume of MIBK solution was added and the resulting mixture was shaken well for 2 -5 min. The organic phase was separated and then sprayed directly into the flame for AAS determination of Zn(II) at 214 nm and/or subjected to spectrophotometric measurements at 526 nm against a reagent blank. The analyte content was calculated from the calibration curve obtained by using standard solutions for Zn(II) under the instrumental conditions previously reported. 1, 16 
Determination of Zn(II) in human blood
Blood serum samples (2 cm 3 each) were acidified using 2 cm 3 of HClO4:HNO3 (1:3) mixture, boiled to near dryness, dissolved in doubly distilled water and diluted to 25 cm 3 in a volumetric flask. After the pH was adjusted to 8, the solution was transferred into a separatory funnel containing 2 cm 3 of 2 × 10 -5 mol dm -3 PPT. Then a 5-cm 3 volume of MIBK was added, and the mixture was shaken well for 2 min. The organic layer separated was examined both by spectrophotometric and AAS methods mentioned above (in water analysis).
Results and Discussion
Absorption spectra
The absorption spectra of PPT reagent and Zn-PPT complex formed in aqueous solution and the one extracted into MIBK layer are given in Fig. 1 . As can be seen, the absorption spectrum of PPT (1 × 10 -4 mol dm -3 in acetone-water 1:9 (v/v)) is characteristic as having two maxima at 410 nm and 450 nm (curve a) which may be attributed to the presence of keto-enol or thio-enol equilibria (Scheme 2). The spectrum of Zn-PPT complex in aqueous (curve b) or in MIBK layer (curve c) reflects the presence of a single chelate exhibiting a maximum absorption at 526 nm, at which the reagent does not absorb appreciably. It is interesting to note that the extracted complex has a higher absorbance value compared to that in aqueous solution, resulting in enhancement in the sensitivity of determination of Zn(II) after extraction. Subsequent measurements were carried out at 526 nm.
Effect of pH
The extraction of Zn-PPT was examined over a pH range of 6.5 -11.0. Figure 2 shows the relation between the extraction efficiency (E,%) and the pH. The degree of extraction is constant when the pH is ≥8. At such pH, the maximum extraction efficiency reached (≈99.9%).
Effect of organic solvents
Various organic solvents were investigated for the extraction of Zn-PPT chelate under optimum conditions, such as 1-butanol, methyl isobutyl ketone (MIBK), benzene, toluene, chloroform and acetone. Of all the solvents tested, MIBK was considered to be best for extraction because it gave a higher sensitivity of measurement. Toluene and benzene, although they gave good separation efficiency, were avoided, as they give unstable flame and noxious gases during combustion. Solvents other than esters, ketones and alcohols are not suitable for AAS measurements because of incomplete combustion and self-absorption of radiation.
Effect of time
The extraction of Zn-PPT chelate with MIBK needs little time to be completed. Practically it was found that shaking for 1 -5 min was quite sufficient to ensure complete transfer of the Zn-PPT chelate to the MIBK layer. After this period, the absorbance remains constant for ≥24 h.
Effect of temperature
In order to study the optimum temperature required for quantitative extraction of Zn-PPT chelate, a series of experiments was conducted over a temperature range (20 -80˚C).
The maximum degree of extraction was achieved at 20 -60˚C.
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Effect of ligand and metal concentration
A series of experiments was carried out at pH 8.0 to investigate the type of interaction between Zn(II) and PPT in solution. It was found that Zn(II) forms a 1:2 complex with PPT, and that complete extraction (~99.9%) was achieved whenever [PPT]/[Zn(II)] is ≥2. On the other hand, the effects of different metal concentrations on the separation were also investigated.
The data obtained showed that complete separation occurred up to the previous ratio of 1:2. Above such a ratio, increasing Zn(II) concentration caused a small degradation to a lower separation percentage.
Such a degradation reflects a deficiency of the ligand PPT required for complete complexation and indirect separation.
Efficiency of extraction (E,%) and distribution ratio (D)
The extraction efficiency (E,%) and the distribution ratio for different concentrations of Zn(II) were computed. Data obtained indicated that up to 50 µg Zn(II) could be quantitatively separated using 1 × 10 -3 mol dm -3 PPT. Also, the high E (~99.90%) and D (1963) allowed the extraction of Zn(II) according to a single batch separation procedure that was highly reproducible. The high value of the extraction efficiency (~99.90) is due to the strong chelation of Zn(II) ions with the active sites of the investigated PPT reagent. It deserves mentioning that, when the distribution coefficient of a given element in a specified system is large (e.g. 1000, log D = 3), a single batch extraction will suffice. 17 
Preconcentration of Zn(II)
To determine the preconcentration factor (α = Vaq/Vorg), trials were made to extract 2 × 10 -6 mol dm -3 of Zn(II) from 200 cm 3 aqueous solution using different volumes of MIBK solvent in the presence of 2 × 10 -5 mol dm -3 PPT. Results obtained indicate that the Zn(II) present in 200 cm 3 aqueous solution could be extracted completely using 5 cm 3 MIBK. Moreover, it was noted that, on extracting higher concentrations of Zn(II), e.g. >5 µg cm -3 , addition of sodium chloride was useful for salting-out and preventing emulsification. The minimum amount necessary for reproducible results was 5 cm 3 of saturated sodium chloride solution in 100 cm 3 of aqueous phase. The high preconcentration factor (α = 40) enhances extremely the sensitivity of the proposed preconcentration procedure and permits the determination of Zn(II) in nanogram level.
Calibration graph and sensitivity
A calibration graph was made under the optimum extraction conditions, which obeyed Beer's law over the concentration range of 0.01 -0.35 ppm Zn(II). The optimum concentration for reliable determination ranged between 0.04 and 0.2 µg cm 
Stoichiometry of Zn-PPT in solutions
To establish the stoichiometric ratio of the compound formed in aqueous acetone solution or Zn-PPT extract in MIBK layer, Job's method of continuous variation is applied. Data obtained revealed the formation of a stable 1:2 Zn-PPT complex in the aqueous as well as in the MIBK layer at 526 nm. The conditional stability constant (1.26 × 10 11 ) is calculated to be log K =11.1 using Harvey and Manning method. 18 
Effect of foreign ions
Anions such as acetate, CO3 2-, Cl -, PO4 3-, ClO4 -, I -, NO3 -, oxalate, citrate and tartrate do not interfere. The effect of foreign metal ions on the extraction of Zn(II) with PPT has been studied in detail. The obtained results reveal that in spite of the high tendency of PPT to form complexes with different transition metal ions, the interferences that might be caused by some of these ions could be completely controlled ( Table 1) . The tolerance limit was taken as the concentration of foreign ion that caused an error of not more than 2% in the determination of the analyte. Moreover, the effects of the foreign ions on AAS determination of Zn(II) were investigated. No single anion or cation caused a variation in the response by more than ±5%. It is of great interest to note that the investigated elements (usually present as main element and traces in water and/or blood) have no deleterious effect on the analyte separation and determination under the recommended conditions.
Comparison between PPT and some other traditional reagents
The proposed PPT reagent can be compared to some common traditionally used reagents: dithizone, pyridylazonaphthol (PAN) and pyridylazoresorcinol (PAR) reagents. In the dithizone 17 method, the molar absorptivity of zinc dithizonate in CCl4 solution (at λmax = 538 nm) is 9.26 × 10 4 L mol -1 cm -1 , zinc is extracted in a double batch step, the organic layer has to be eluted before AAS measurements and the extraction process is relatively slow. In the PAN method, the molar absorptivity of the chloroform solution of the zinc-PAN complex is 5.2 × 10 4 L mol -1 cm -1 at λmax = 560 nm), the reagent absorbs little at the λmax of the zinc complex and the organic layer has to be eluted before AAS determination. On the other hand, PAR allowed zinc to be determined with a sensitivity similar to that for the PAN method. In the PPT method, the molar absorptivity of zinc-PPT in MIBK solution is 2.1 × 10 5 L mol -1 cm -1 (at λmax = 526 nm), zinc is extracted in a single batch, the reagent PPT does not absorb at the λmax of zinc complex, the extraction process is rapid (<2 min) and the organic layer is aspirated directly into the flame for AAS determination. These findings make PPT reagent a more specific one.
Determination of Zn(II) in certified and real human serum samples
The accuracy of the preconcentration procedure was checked by the analysis of certified reference material. The results obtained (Table 2 ) are in good agreement with the certified reference value.
The suggested preconcentration procedure was successfully applied to determine Zn(II) concentration in human serum samples. The results obtained showed that the mean value of the determined Zn(II) was within the reported average normal ranges 19, 20 (Table 2) .
Analysis of natural water samples
The analytical results of different water samples e.g., tap water, Nile water, lake water and seawater samples, are presented in Table 3 . From the data shown therein, it can be noticed that the results obtained by both spectrophotometry and AAS are satisfactory. The experimental data for Zn(II) ions are in reasonable agreement with the reference values 7, 8 within the limits of experimental error (RSD = 0.5 -3%). The locations were purposely chosen because it was observed before that many water creatures were found dead nearby.
Analysis of some zinc complexes
The applicability of the proposed preconcentration procedure was extended to determine Zn(II) in some of its complexes. Exactly a 0.02 g of the complex was taken and heated until evaporation in 5 cm 3 concentrated HNO3 for dissolution. A cold solution was completed to 50 cm 3 with doubly distilled water and transferred completely into a separatory funnel. To this solution, a 2-cm 3 volume of 2 × 10 -5 mol dm -3 PPT was added after adjusting the pH to 8.0. Shake well for 30 s to ensure complete complexation. Then a 5-cm 3 volume of MIBK was added and the mixture was shaken for 2 min. The same steps for extraction and determination were carried out. In all measurements, the concentration of PPT as in the test solution was used as a blank. The results obtained are as follows: [Zn(II)] found (calculated), for [Zn(H2PAPTS)(OAc)] is 3.2(3.2); for [Zn(H2PxAPTS)(OAc)] is 3.1(3.08) and for [Zn(H3OAPT)(H2O)] is 3.0(2.98) with a recovery of 100, 100.6 and 100.7%, respectively. 
